The effects of radiation on polymeric materials are a topic of concern in a wide range of industries including the sterilization, and the nuclear power industry. While much work has concentrated on systems like polyolefins that are radiation sterilized, some work has been done on epoxy systems. The epoxy system studied is an epoxy/amine paint which is representative of the paint that covers the inner surfaces of the French nuclear reactor containment buildings. In case of a severe accident on a Nuclear Power Plant, fission products can be released from the nuclear fuel to the reactor containment building. Among them, volatile iodine (I 2 ) can be produced and can interact with the epoxy-paint. This paint is also subjected to gamma radiation damages (due to the high dose in the containment coming from radionuclides released from the fuel). So the epoxy-paint studied was exposed to gamma radiation under air atmosphere after being loaded with I 2 or not.
A FTIR/chemometrics approach to characterize the gamma radiation effects on iodine/epoxy-paint interactions in Nuclear Power Plants
Introduction
In the event of a loss-of-coolant accident in a Nuclear Power Plant (NPP), leading to reactor core melt-down, fission products can be released from the nuclear fuel up to the reactor containment building. Among them, iodine is one of the most hazardous radionuclides because of its radiotoxicity and its ability to form volatile species. The amount and kinetics of iodine release to the environment due to containment leakages or containment venting procedure following the accident highly depends on its volatility in the containment. The evolution of the volatile iodine concentration in the containment is thus of main concern. It is determined by a balance between formation and deposition or destruction processes. The understanding of these processes considerably evolved after the performance of the series of Ph ebus Fission Products integral tests that were undertaken to investigate key phenomena involved in NPP severe accidents and particularly the iodine chemistry in the containment [1e4] . Ph ebus test results showed that iodine may enter the containment in gaseous and particulate forms in various proportions depending on the accident conditions [5e8] . Then, deposition processes occur in the containment (on inner surfaces, mostly epoxy-painted surfaces, in the sump) which reduces the overall airborne iodine concentration. After some couple of hours, the containment airborne iodine concentration reaches a steady state level, lower than concentration levels observed during the early stage of the accident.
Current assumptions to explain the rather fast disappearance of the gaseous iodine amount observed on the very short term of the accidental phase in Ph ebus tests are largely based on chemical interactions of gaseous molecular iodine (I 2 ) with epoxy-painted surfaces of the containment [9e12] . The iodine/Epoxy-paint interactions under radiation started to be studied in the sixties [13] and has gained and gained in importance in the 1990 0 and later on [14e18]. Funke has developed an iodine-paint model in 1999 [19] with Marchand's data [20] to reproduce the iodine/Epoxypaint behaviour under radiation. However, it does not fit well all the data in this area and large discrepancies still exist.
The aim of the present work is to study the Iodine/epoxy-paint interactions under radiation by Fourier Transform Mid-InfraRed Attenuation Total Reflectance (MIR-ATR). The experimental approach consists in characterizing the epoxy-paint before and after being exposed to radiation (gamma-ray), studying the radiation damages by identifying the chemical and functional modifications in the epoxy-paint, and checking their effect on the iodinepaint interactions. The influence of several parameters on the evolution of epoxy-paint MIR-ATR spectra was thus studied: the irradiation dose and the presence of iodine loaded on the epoxypaint. Infrared spectra were used as responses of full factorial experimental design, built taking into account two factors: the gamma irradiation dose and iodine presence or not (the design is balanced).
The influence of the different experimental factors, as well as their interactions, were simultaneously analyzed using a multivariate analysis technique, the AComDim method [21] . This method for the detection of significant factors has been applied to spectral datasets from a variety of samples, e.g., wine, to study the influence of the vintage (year), maceration method and/or microoxygenation; apple, to study the influence of the cultivar and the maturity; starchelignin mixtures, to study humidity, shape and lignin content [21] . This method has also been used to study the effects of experimental factors on the quality of spectral responses for commercial diesel [22] . In contrast to the ANOVA-PCA method [23] , AComDim replaces successfully the separate PCAs with a single analysis to give an evaluation of significance of the effects [24.].
Materials and methods

Epoxy-paint samples
The paint studied was obtained by curing the Diglycidyl ether of bisphenol A (DGEBA)-based epoxy prepolymer with a polyamidoamine (PAA) adduct. All the reactants were purchased from Freitag ® and used without any further purification. To obtain the epoxypaint, a mixture of 36 vol % of DGEBA and 64 vol % of PAA were blended at room temperature and deposited on a Teflon mould. After 24 h of drying under an extractor hood, the polymer obtained is a thin film of (85 ± 10) mm of thickness and it has a tridimensional network structure with the reticulation point located on the nitrogen atom of the amine adduct (see Fig. 3 ) [25] . The samples were then stored protected from light.
I 2 loading of epoxy-paint samples
The process of Iodine loading is performed on the device presented in Fig. 1 . A mass of 50 mg of iodine pellets is introduced into tank 1 at ambient pressure and temperature. Then tank 1 is tightly closed and covered with an aluminum foil in order to prevent the decomposition of I 2 by UV ambient radiation. The epoxy-paint samples are placed in tank 2. Then tank 2 is tightly closed and drawn under vacuum. Tanks 1 and 2 are connected by opening the separating valves V3 and V4. In these conditions solid iodine sublimates (due to its low saturation vapor pressure) and gaseous iodine is released and transferred to tank 2 (tank 2 is also covered with an aluminum foil for the reasons done above). The gaseous I 2 is kept in contact with the epoxy-paint samples during 16 h. After the loading phase, tank 2 is swept by Argon to transfer the residual quantity of I 2 atmosphere to the NaOH trap. The epoxy-paint samples are recovered and exhibit a light brown color. The values of concentration of I 2 deposited on the epoxy-paint sample during the loading phase are in the order of (5.5 ± 0.2) 10 À4 mol m À2 .
Gamma irradiation
All studied materials were irradiated by gamma rays from 60 Co radiation. The irradiation steps were carried out in two different places, depending on the dose to reach: (300 kG y and 1000 kG y.). Irradiation steps were performed under air at around 60 C with a dose rate of 2.5 kGy h
À1
, and at around 40 C with a dose rate of 6,0 kGy h À1 in the second case. The extent of chemical changes produced by irradiation depends on the amount of energy absorbed by the system. The absorbed dose is expressed in Gray (Gy) which corresponds to an absorbed energy of 1 J/kg of matter. "Dosimeters" were used to measure the irradiation dose rate allowing to calculate the absorbed dose of the studied samples, depending on their irradiation time. Dosimetry was performed using the alanine method [26] or Perspex films [27] (routine measurements). After gamma irradiation, samples were stored in an airconditioned room at 21 C in plastic bags shielded from UV rays in order to avoid further potential post-gamma radiation degradation.
MIR-ATR characterization
Mid Infrared spectroscopy measurements were carried out on a thin film in the ATR (Attenuated Total Reflectance) mode on a Thermo Scientific Nicolet iN10 MX Infrared Imaging Microscope. This apparatus is equipped with a microscope allowing micro-FTIR measurements. Samples were placed without preparation on the stage of FTIR imaging system and were analyzed using a liquid nitrogen-cooled Mercury Cadmium Tellurite (MCT) detector. The mapping area had a size of 160 mm Â 160 mm, and the images were acquired with a pixel size of 20 mm with 4 cm À1 resolution and 64 scans in the wave number range of 4000e675 cm
À1
, indicating that 64 spectra (8 Â 8) were involved in an ATR/FTIR image. The MIR spectrometer was situated in an air-conditioned room (21 C) and air was taken as reference for the background spectrum before each map. Between maps, the ATR accessory was cleaned with ethanol solution, enabling to dry the ATR. Cleanliness was verified by collecting a background spectrum and comparing to the previous background spectrum. The analyzed depth is wavelength dependent and is between 0.5 and 3 mm.
AComDim
To determine the impact of the different factors on sample measurements, signal intensity variations (due to each factor and interaction) were compared to other sources of variations, either "noise" or uncontrolled factors of influence. The AComDim [22,28e30] method was used in this study to check if spectral variations due to a change of factor level are greater than residual variability (noise or experimental error). AComDim is proposed here as a multivariate technique to analyse experimental designs. It is able to highlight the influential factors and their interactions as defined by the experimental design. AComDim is based on the same concept as ANOVA-PCA [31] (also called APCA). The experimental data matrix is decomposed into successive matrices containing the mean at each level for each factor or interaction. The residuals matrix obtained after the successive subtractions of all the mean matrices is then added back to each matrix of means. In a second step of APCA, a PCA is applied to each matrix of means plus residuals. Groups formed by samples in the PC1ePC2 plane are examined in order to evaluate the significance level of each factor compared to the residuals. With AComDim, the separate PCAs of the second step are replaced by a single simultaneous analysis of all matrices with ComDim, a multi-block analysis method. From a mathematical point of view, AComDim determines a common space for the p data matrices X i , each with n sample rows. Each matrix X i is column-centered and normalized to obtain the scaled matrix X is . For each X is the matrix X is . X is T is computed to obtain the samples variance/covariance matrix W i which represents the sample dispersion in the space of the variables of that table. The main idea of ComDim [28] is first to calculate W G , a weighted sum of the sample variance/covariance matrix X is X is T , for each table, X is , and then to extract its first Principal Component, or Common Component (CC). For each successive common dimension, the scores vector q (coordinates of the n samples along the common dimension) are calculated by the equation:
with l ðiÞ j specific weight (''salience'') related to the i th table for the common dimension j produced by q j .
Each matrix W i provides a specific contribution ("salience") to the definition of each dimension of this common space. The salience l i of each table on the CCs is determined iteratively.
The computed saliences indicate which Common Components contribute most to each table. In the case of AComDim, the saliences indicates which factor or interaction contributes most to each CC. The first Common Component CC1 is should correspond to the effect of the residuals since as they are added back to each factor matrix all blocks contain a contribution from the residual error matrix. The blocks that contribute significantly to CC1, i.e. with high saliences are those that contain little variance other than that due to the residuals. Less a block contributes to CC1, the more its source of variability is different from the residuals. To estimate the significance of a block, one can apply an Fisher test [32] . The saliences can be considered as measures of variances so the F-test of a block can be computed as the ratio between the salience of the residual block on CC1 and the salience of that block on CC1. The F-test is performed by selecting n-1 of freedom for both variances.
where l res is the salience of the residual block on CC1 and l i is the salience of the ith block on CC1. The alpha level is set equal to 0.05 to be statistically significant. The blocks for which the ratio is greater than the critical value of the Fisher table [33] are considered as being related to influential factors or interactions. The probability value (p-value) is also calculated for each F-test, it represents the probability that the variability is due only to noise. The more this value is close to zero and more the block is associated with a significant factor. All computations were performed using Matlab 7.14 (R2012a). The AComDim procedure was adapted from the ComDim function in the free toolbox SAISIR [30] .
Experimental design
The spectra were used as responses to full-factorial experimental design built taking into account the different levels of the factors, as summarized in Table 1 . The full-factorial design investigated one two-level factors for ''Iodine content" one three-level factor (for ''gamma dose") and included 2*3 ¼ 6 experiments (excluding center points). These full-factorial designs were perfectly balanced, i.e., the number of experiments was the same for all the levels of a factor.
Results and discussion
The interpretation of AComDim infrared spectra requires as a first step the assignment of the characteristic vibrational bands initially present in the epoxy-paint. In the following discussion, the spectral data of each component of the epoxy-paint (DGEBA and PAA) will be first interpreted separately. Then in order to study the influence of the parameters: the irradiation dose and presence of iodine loaded on the epoxy-paint, all spectral data were analyzed using AComDim approach.
Initial MIR-ATR characterization
The FTIR spectra of the different DGEBA and PAA, which are the two component of the epoxy-paint, are well described in the literature [34e42]. The infrared assignments of the two structures are detailed in Table 2 .
The epoxy-paint is obtained by mixing at room temperature DGEBA and PAA components. The FTIR spectrum of epoxy-paint is given in Fig. 2 . The assignment of the infrared characteristic vibrational bands, and their link with the initial components of the paint (DGEBA or PAA) are detailed in Table 3 . The mixture of the DGEBA and PAA components leads to a tridimensional network structure by reaction between the epoxy cycle of the DGEBA components and the amine adduct of the PAA (Fig. 3) . The FTIR spectrum of epoxy-paint indeed shows the disappearance of the band at 915 cm À1 characteristic of the deformation of the epoxy cycle and the appearance of a band at 1010 cm À1 characteristic of the elongation of CeOH bond due to the formation of alcohol function by opening of the epoxy cycle. It can be also noted the presence of a small band at 1734 cm À1 characteristics of the presence of carbonyl products formed certainly by photooxidation [43, 44] under ambient light during the 24 h drying of the paint (see x 2.2). The characteristic bands of the epoxy-paint being located between 1800 and 800 cm À1 , the AComDim studies are limited to this range of wave numbers.
Significant factors
AComDim, gives quantitative information about the variability of the spectroscopic data resulting from the effect of the integrated dose or iodine loading. The extracted Common Components (CCs), obtained with AComDim treatment, indicate whether variations in the data between levels of a factor are significantly greater than the residual variability. The less a block contributes to CC1 (residuals), the more its source of variability is different from the residuals. The AComDim analysis gives the salience values of these blocks on each CC (Common Component), which are all the observations varying at the same time of the factors studied (e.g. integrated dose). The saliences allow finding the significant factors. The F-values are computed from the saliences on CC1 as the ratio between the salience of the residual block (i.e. block 4) and the salience of each other block (i.e. block 1e3). As presented on Fig. 4(a) , the blocks 1 (integrated dose, 7% of total variability), 2 (iodine loading, 5% of total variability) and 3 (interaction dose-iodine, 4% of total variability) have higher F-values (respectively 4.06, 1.33, 1.35 
Degradation of epoxy-paint samples by gamma radiation
The modifications of epoxy-paint (loaded with I 2 or not) structure under gamma radiations under air atmosphere were studied by comparison of the MIR-ATR spectra of non-irradiated and irradiated (300 kG y and 1 MGy) epoxy-paint samples. There is no significant difference between the spectra of non-irradiated and irradiated epoxy-paint samples observable with the naked eye, even for the strongest integrated dose (1 MGy) except regarding some band intensities (see Supporting information Fig. 9 ). This is in good agreement with the low percentage of total variability (7%) associated to gamma irradiation. Indeed on these raw spectra, no FTIR band due to the formation of radiolysis products (carbonyl, alcohol compounds, double bonds…) is directly highlighted. In order to assess the modifications of the structure of epoxy-paint, an AComDim analysis has been performed (Fig. 5) .
The score projection associated to the CC3 shows good discrimination of samples according to the integrated dose. Samples irradiated are projected to the right in Fig. 5 far from the nonirradiated sample.
The irradiated samples are characterized by absorption bands pointed at 1218, 1280, 1330e1380, 1631, 1658 and 1712 cm
À1
. These bands are not initially present in spectral data of the epoxy-paint, they correspond to radio-induced modifications of the epoxypaint structure leading to the formation of radiolysis products such as of carbonyl compounds, amides, double bonds [37,38,45e47] . Indeed the bands at 1218 and 1280 cm À1 can be attributed to n(C-O) of carboxylic acids radiooxidative products.
The band at 1712 cm . These bands are initially present with a little shift in the spectral data of the epoxy-paint, the shift being linked to the formation of the carbonyl and amide compounds previously highlighted.
The carbonyl compounds radio-induced are mainly carboxylic acids as chains end-groups [21] . The formation of carboxylic acids can result from various pathways by oxidation of the polyamidoamine segments or by oxidation of the i-propanol unit. The formation of these carbonyl functions in a or b of the aromatic cycle (highlighted in green on Fig. 6 ) may change the frequency values of the bonds of the cycle. That is why the g(C-H) of aromatic cycle initially located at 827 cm À1 is shifted to 821 cm À1 and is revealed by the AComDim. The formation of amides occurs by the oxidation of amino methylene in the vicinity of networks node [21] leading to the formation of a tertiary amide (highlighted in orange on Fig. 6 ).
The formation of these amides may change the frequency values of Fig. 6 ) occurs in the amine linkage [40] . It should be noted that the scores of the samples are not classified according to the value of the integrated dose (the highest dose has not the largest score value). These results may be linked to the difference of the irradiation conditions for the 2 doses studied (obtained in two facilities, see x 2.3): 60 C, 2.5 kGy h À1 to reach a 300 kGy dose and 40 C, 6 kGy h À1 to reach a 1000 kGy dose. Such a temperature deviation cannot lead to changes in radiolysis mechanisms. On the other hand, it is well known that the oxidative radiolysis mechanisms are influenced by the dose rate [48e50]. So, the samples irradiated at 300 kG y are subjected to lower dose rate and to higher temperature and in these conditions the O 2 diffusion in the material is favoured, compared to the samples irradiated at 1000 kG y. For the samples irradiated at 300 kGy, the formation of oxidative radiolysis products is favoured, whereas for the samples irradiated at 1000 kGy more mechanisms not involving oxygen occur (crosslinking, double bond formation [40] ) which may explain the position of the score regarding the dose on the AComDim.
Modification of MIR spectra after loading of epoxy-paint samples with I 2
The modifications of the spectra of epoxy-paint samples after the loading phase with I 2 were studied by comparison of the MIR-ATR spectra of the I 2 loaded and unloaded epoxy-paint samples. There is no significant difference between the spectra of the loaded and unloaded epoxy-paint samples, even for the strongest concentration of I 2 (10 À3 mol(I 2 )/m 2 ) (see Supporting information Fig. 10 ). This is in good agreement with the low percentage of total variability (5%) associated to iodine content. Indeed on these raw spectra, no FTIR band due to the formation of bond or interaction between Iodine ant the epoxy-paint structure is directly highlighted. In order to assess the modifications of the spectra of epoxy-paint samples after having loaded with I 2 and to possibly identify the nature of the iodine-paint interactions, an AComDim analysis has been performed (Fig. 7) .
The score projection associated to the CC2 (Fig. 7(a) ) shows good discrimination of samples according to the loading of epoxy-paint samples with I 2 , and thus probably according to interactions between iodine and epoxy-paint. On the Principal Component CC2 (Fig. 7(b) ), the MIR vibrational bands in positive part differentiate the epoxy-paint samples loaded with I 2 from those unloaded.
The epoxy-paint samples unloaded with I 2 are characterized by absorption bands pointed at 829, 1184, 1241 and 1508 cm
À1
. These bands are initially present, with a little shift, in spectral data of the epoxy-paint. The bands pointed at 1241 cm À1 and 1184 cm À1 are associated to the shift of the bands relative to n(C-N) of amine and/ or amide units of the epoxy-paint structure, initially present at 1248 and 1181 cm À1 respectively. The two other bands at 829 and 1508 cm À1 are associated to the g(C-H) and n(C]C) of the aromatic cycle of the epoxy-paint structure. These bands present in the negative part of Fig. 7(b) shows that the associated functions (amine and/or amide and aromatic cycle) are involved in the interactions between iodine and epoxy-paint. The epoxy-paint samples loaded with I 2 are characterized by absorption bands pointed at 995, 1550, 1592 and 1650 cm
. These bands are not initially present in spectral data of the epoxy-paint, but they may correspond to shift of bands initially present linked to a modification due to the loading with I 2 of parts of the epoxypaint structure. The band at 995 cm À1 may be linked to a shift of the band at 1010 cm À1 initially present in the spectra data of the epoxy-paint and associated to the n s (C-OH) created by the opening of the epoxy cycle during the reaction between DGEBA and PAA (see Table 2 ). The band at 1592 cm À1 may be linked to a shift of the band at 1580 cm À1 initially present in the spectra data of the epoxypaint and associated to the n (C]C) of the aromatic cycle of the epoxy-paint structure. The band at 1550 and 1650 cm À1 may be linked to shifts of the band at 1555 and 1640 cm À1 initially present in the spectra data of the epoxy-paint and associated respectively to d(N-H) of the amine and/or amide and n(C]O) of the amide functions of the epoxy-paint structure. These previous bands highlighted on Fig. 7(b) are associated with bonds of the epoxy-paint structures affected by the interactions of epoxy samples with I 2 . The literature on I 2 reaction with epoxy-paint and more generally with polymer is scarce. Two kinds of reactions can be considered according to the literature: CI bond formation or formation of a charge-transfer complexe, as explained below.
On the one hand, some studies based on theoretical ab initio calculations in order to identify the most likely reactions pathways and the most stable compounds formed from I 2 and epoxy paint were performed at 373 K [51] . These results showed that the reaction of I 2 on the polymer would mainly take place on aminoalcohol functions and more precisely on the carbon located between amine and alcohol groups. The free energy change (DG) calculated on this site to create the CeI bond is between À10 and À15 kJ mol À1 at 373 K. Similar calculations show that at ambient temperature, i.e. in the experimental conditions, this value of DG remains unchanged, this reaction would be therefore thermodynamically expected at ambient temperature.
On the other hand, other studies report a mechanism involving charge transfer interactions of iodine as a s-acceptor with electron donors parts of the epoxy structure. The charge-transfer complexes formed between iodine and several types of electron donor have been largely studied [52e56]. Amines are particularly appropriate candidates to form charge-transfer complexes due to the mobility of the nonbonding doublet of nitrogen giving electron donor properties. Aromatic molecules are also known to have electron donors properties and thus to form charge-transfer complexes with iodine. The most suitable technique to highlight a charge-transfer complex is UV spectroscopy, but in the case of the present study this technique is unsuccessful due to the presence of additives (TiO 2 ) in small amount saturating the spectrum in the spectral range of interest. The MIR spectra of charge-transfer complexes show usually a shift, a broadening or a change of intensity of the bands characteristic of the part or of the function of the initial molecule involved in the interaction donor-acceptor with Iodine [57e59]. [21, 39] . (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
In the case of the present study, the presence of the CeI bond has not been highlighted as no band was observed in the FTIR spectra range of interest (the characteristic band of the CeI bond is located between 480 and 660 cm À1 ) even after the loading of epoxy-paint samples with I 2 . Otherwise, this study seems to confirm the existence of a charge-transfer complex as we can observe that the bands highlighted by . The band at 995 cm À1 associated to the n s (C-OH) highlighted in Fig. 4 (b) may be due to the formation or the modification of an hydrogen bond of the alcohol function in the charge-transfer complex.
Interaction "dose e iodine"
The score projection associated to the CC4 (Fig. 8) shows discrimination of samples according to interactions between the factors "Dose" and "Iodine". The profile of Fig. 8(a) is related to the score projection associated to the CC2 (Fig. 7(a) ) showing discrimination of samples according to the loading of epoxy-paint samples with I 2 : the two profiles are the inverse of one another, and the bands highlighted on Figs. 7(b) and 8(b) are the same. These similarities reveal a dependency of the amount of iodine present on the epoxy-paint according to the integrated dose. This is in good agreement with the low percentage of total variability (4%) associated to iodine and gamma irradiation interaction. These results are consistent with the studies performed on the volatization of iodine loaded on the paint under radiation [60, 61] . Indeed several studies showed that under radiation the iodine initially loaded on the epoxy-paint is volatized under several forms (I 2 (g), RI(g) and aerosols) and this volatilization increases with the integrated dose. So the amount of iodine volatilized from a paint sample loaded with I 2 and irradiated at 1000 kGy is higher than the amount of iodine volatilized from a sample irradiated at 300 kGy. This in turn indicates that the amount of iodine remaining on the paint sample is lower at 1000 kGy than at 300 kGy and highlights the dependency of the amount of iodine present on the epoxy-paint according to the integrated dose and thus the interactions of the factors "Dose" and "Iodine" revealed by the AComDim.
Conclusion
In case of a severe accident on a NPP, fission products can be released from the nuclear fuel to the reactor containment building. Among them, volatile iodine (I 2 ) can be produced and can interact with the epoxy-paint (DGEBA/PAA paint, representative of the paint that covers the inner surfaces of the French nuclear reactor containment buildings). This work aimed to characterize the iodine-paint interactions, to identify the radiation damages on the epoxy-paint, and to check their effects on these iodine-paint interactions. This work shows the potential of multi-block analysis method (ANOVA-PCA and COMDIM ¼ AComDim) for such a study as it allows to identify the nature of iodine/epoxy-paint interactions and to highlight the differences caused by several paint ageing processes and to characterize the gamma radiation damages on the epoxy-paint. AComDim method conduces to the extraction of Common Components to different tables and highlights factors of influence and their interactions.
The influential factors, as gamma integrated dose and iodine loading, on epoxy-paint samples after gamma irradiation at different integrated doses (0, 300, 1000 kGy) were studied. The AComDim method showed the most significant factors involved and the different potential interactions. The AComDim method reveals that gamma irradiation induces modifications on epoxypaint samples: the appearance of characteristic FTIR bands or the shift of other ones highlight the formation of oxidative radiolysis products. A thorough study of these FTIR bands shows that they are due to carboxylic acids, amides and double bonds functions produced by radiolysis of epoxy-paint. These modifications are attributed to gamma irradiation dose even if there is a confounding effect of gamma irradiation and temperature. The AComDim method reveals also the interaction nature between epoxy-paint and iodine: the shifts, broadenings or changes of intensity of the characteristic bands of the different electron donor parts of the epoxy-paint highlight that charge-transfer complexes are formed between iodine and epoxy-paint. The study of these FTIR bands shows that the amine and/or amide functions and aromatic cycle parts of the epoxy-paint structure are involved in the interaction donor-acceptor with iodine. At last, the volatization of iodine initially loaded on the epoxy-paint sample is highlighted by the AComDim factors Interactions study showing the dependency of the amount of iodine present on the epoxy-paint according to the integrated dose.
This works will be helpful to better understand the iodine-paint interaction behaviour and the conditions of radioactive iodine release to the environment in case of a nuclear severe accident.
